An experimental procedure is described which facilitates the study of homogeneous populations of Caulobacter stalked (mother) cells. These populations are derived from synchronized swarm cell cultures, the preparation of which is described. From this study it appears that cross-band formation in Caulobacter NCIB 9083 is not linked to the reproductive cell cycle.
5 ,urn Triacetate Metricel filter (Gelman Hawkesley Ltd, Lancing, Sussex) held in a Millipore 'Sterifil' unit. Stalked cells were retained on the filter while the swarm cells passed through. The filtrate was checked quickly for the degree of synchrony using a light microscope and a Coulter electronic particle counter/ particle distribution analyser before using it in any synchronous growth studies. Relationship between stalk synthesis, cross-band formation and life cycle. Synchronized swarm cells were allowed to attach by their holdfasts to a 0.2 pm Triacetate Metricel membrane filter in a modified 'Sterifil' unit and then the unit was inverted (Fig. 2) . Preconditioned medium was passed through the filter, rapidly for the first 2 min (to wash out all the unbound and weakly bound cells) and then at a flow rate of 2 ml min-I.
Effluent samples (1 ml) were collected every 15 min and fixed in 0.02 ~-Tris/O.3 % (v/v) glutaraldehyde before determining the cell number. After 6 h the cells attached to the membrane were carefully removed, washed and prepared for electron microscopy using either 0.5 % (w/v) uranyl acetate negative stain or gold/palladium shadow. Cells were examined using an AEI Cotinth 275' electron microscope. Cell number was determined by total particle count using a ZBI Coulter counter. The first division was completed at 1-75 h, the second division of stalked cells was completed at 3.25 h and the first division of daughter cells produced by 1-75 h was completed at 3-75 h. Mean generation times were 1-75 h for swarm cells and 1.5 h for stalked cells. To investigate the production of cross-bands with respect to generation time, a synchronized culture was inoculated into a 250 ml Erlenmeyer flask containing 50 ml medium. The culture was incubated with shaking at 30 "C and samples were removed at regular intervals. Part of each sample was used for electron microscopy. In order to overcome any doubt concerning the preparation of samples for electron microscopy, three different methods were employed: (i) staining with 0.5 % (w/v) uranyl acetate; (ii) staining with Lugol's iodine (Staley & Jordan, 1973) ; (iii) shadowing with gold/palladium.
RESULTS A N D DISCUSSION
Synchronous culture Synchronized populations of Caulobacter NCIB 9083 were obtained by using a filtration technique (Fig. 2) to select cells of the same size and thus at the same point in the cell cycle. The synchronous growth curve (Fig. 3) , as determined by total cell count, indicated that the first division was completed by 1.75 h. A second wave of divisions occurred 1.5 h later and accounted for an approximate 50% increase in cell numbers. This was attributed to the division of the first generation stalked cells. The third wave of divisions was attributed to the division of the first generation swarm cells, i.e. those produced after 1-75 h. In addition to the one-step growth curve, cell volume distribution profiles (Fig. 4) also indicated a high degree of synchrony. The changes in cell volume corresponded with the division times determined from the growth curve.
Physiological disturbance during filtration was kept to a minimum by using only one filter, by reducing the time of the initial centrifugation step to a minimum and by using preconditioned medium throughout.
Homogeneous stalked (mother) cell populations
Synchronized swarm cells, attached by their holdfasts to an inverted membrane, differentiated to become stalked mother cells. Newly formed swarm cells were released into the medium at regular intervals (Fig. 5) . Particle counts of the effluent of the modified 'Sterifil' Ca ulo bac t er populations 239 unit showed sequential waves of swarm cell production (Fig. 6) . The peaks indicate the number of swarm cells produced per mother cell and the concomitant generation times. The number of turns of the homogeneous mother cell population is therefore precisely known.
Electron microscopic examination of the mother cells removed from the filter after three generations showed that less than 0.03 yo of the population possessed cross-bands (Fig. 7) .
Thus there is no clear relationship between swarm cell production, generation time and crossband formation. This finding was further substantiated by analysis of homogeneous swarm cell populations followed through three generations by particle counting/cell volume distribution analysis and electron microscopy. Cross-bands did not appear during the first three generations and thus they are not obligately linked to the cell cycle. In both systems, however, when crossband formation occurred it did so throughout the stalked population indicating that cross-band formation may be a response to environmental stimuli.
In conclusion, the modified Helmstetter-Cumming technique (Helmstetter, 1969) , as described, facilitates the following : (i) the maintenance of a homogeneous mother cell population without contamination by daughter cells, thus allowing the determination of the 'fate' of the mother cells with respect to time, i.e. ageing effect; and (ii) the study of the effect of environmental changes on stalk synthesis, cross-band formation and swarm cell production.
